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(54) OPTICAL TRANSMISSION SYSTEM 
(57)Abstract 

PURPOSE: To provide the dispersion compensation system taking 
the effect of a self^phase modulation effect(SPM) into account in 
the optical relay transmission employing an optical amplifier. 
CONSTITUTION: The effect of waveform deterioration by the SPM 
is cancelled by setting a compensation quantity C of a dispersion 
compensation device 1 03 to nearly 50% of a total dispersion 
quantity of an optical fiber transmission line and even when the 
optical intensity is fluctuated, a received waveform is almost 
unchanged. Furthermore, when plural dispersion compensation 

devices are in use, number of the dispersion compensation devices iqq £ 103 102 103 104 

is optimized by decreasing the interval of the arrangement around a 
reception end. Moreover, the minimum transmission distance of the 
transmission system is extended by executing the compensation of 
the dispersion so that an expected total dispersion of the 
transmission line is an abnormal dispersion in the transmission line 
where the dispersion in the optical fiber is dispersed positively or 
negatively. 
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[#ffF»#©3SB] 

m, #7 y>r testis. #se*. &&.zp>u<l*>- 

77-f /f*©*§ftJE£P(x) . jA Z 5S0teS««*-C<D 
*, «P(z) ■D(i)Sz = 0*5LST«^lftiiW. 

rACfe^T, R3fc2t««*>5©£«z ©&Z CiJtf * 

tt«4t»OlKfl|0!>jft«Z,. jftZ*»6Z,M©»*« (3t 
#*tt«»©*MMt*£trt SD,(z)£T*iS, *P 
(z) • D i (z)*z = 0^e>Z i ST«^bfcfit^-r^T© 

A, 

«Si©#ffc»C££iilS§©#i«B©lllg {1/ (aL) 
- (N+l) / (2N) } (fc«baJ4»7r-f A*© 
LttgeSIEflg. Ntt + ttKM«c) t&««fc 

0&±©3te#tttt««*£trtte££->X^Afc:fe^T, 
£«*ttift©#tt*t««©K«lffllHS. &flT*ttifi©K 

A. 

t a* $n**jft»©iftjg*Yk« (7-ns 
□ t> b < SrT*J:5<effi«K:. 
«Ss * G B"f « d t « Wflt t b fcTte 31 > X t- A . 

1 &.± © xammmm * tr ^Git -> x ^ a k * ^ t , 

R3fc3!ffl«i l#B©#tt*i««©roiH* 1 ,tt«i 
I#Bt I + l#B©#tttt«»IWIWl i £ 1,©IS 
v^i -y"(i-l)flSKK«-r*ilt*«f»i:Lfc*e3l>' 



at&. ^<t^5ts«*8©iafrtges$nfc2"PK±o 

««*©*-©»«*l««lCJ: D3fc»»©«£i3Hi*fcS[ 

eatu K#£«*BiW©a£-©#»»fl|«K:«fci}, be 
Sg-©#tfcffi«S§©#*S*>b<te, »»-©»**!« 

AT*-* C £S«M» t bfcftfei£->X^A., 
[»*«8] #KM©»«*A«iEft. *>b<ttj| (IE* 

r-fAeaKWt, ftT^Sffl^fcOfflBU©***! 
Sit, 3fi**W3t*3IWr*3t3ie*i:. 7fc3«ttS&i; 
tf, '>^<tt>— 3«±©^t!tlif»g§S^t;7 , 6eii-> 
7^AKi5UT. «3t»«»««S^ftfce2l88©iB«- 
fc»©JMMlJ9«jE©$H» (»«#*> taaJ:5lC*M» 

[9URJH9] aKIW©$HR***tttt«fctfS"3S£J$ 

•5. fr^©^/*/M6;W£i&&tt;fc— oet±©3£7 
7<nfiiEKt, 3t7>7**ffl^fcofflK±©*+ai 
s§t. aft««w**am"r*3tt3ie«t. 

tf, 4*&<tfc-^©##«tt«f#$^tJ3fc£3l->;*T- 
AK*3V>T, &)t77'f/^iac»tI**t^Tl'M 
St4*^OSI»»©*fti (7f MPt>b<tt&^ 
41) t. *3ie7r'f/ , «KM©«-*«*»T^T**«*t 

5«^©si»f©^fti^. «&-srr a strata- 

*tt««©#1ft*t««£i!M6-r* d t £#f*t bTcftg 
eI->7v7^A. 

[1^10] 6KIW©#**#ttttWfttfS'7S£8r 
■6, *0*Ol*/*/MliWI»6ftft- ^£Ui©3fc7 
T-f^fiaKBi. *7>7**ffl^fc0fflK±©3tf* 

T, xV»t3«-«»«**0ibfc»^©e2SRTIIBffi»l*L 
tb. y-f /mf»loMI^TlicI 

©»^CE«L«^eSIBI<IBfr<5iE©»*»fll«*C 
mtt, K3tt»**l«Sg©»*»«*S0*^C© 

iwfcas!S-r*dt*»*tbfc3tte3i->x7 L A. 
*^-?-©s^:/fl;/hffl^©e.tifc— oet±©3t7 

T-rA*ejHEKt, 3t7>7*Sffl^fc0ffl6t±©3tt** 
Sit. 3UE£H%&£U?«%2MMI&. 7tS««*3=k 

«T. 6 7 r-f/XK 

-rwnfcL<«is^*i) t. tt^aiAn^&tiE^iKtttt 

«£©»»#{&**<■&-&?-* <k 3 fc. m&ytftWLtim 
si©»ffiia<ta^is^-r^ c t *#^t bfc^eii->x 
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[|«S12] -^±©^77^ A**5M 

£P(zh j*Z*&«0fca««*T©*MIHI (K3tt»**t 
BS©£MRB*$tr) ^D(z)<!:-r^t^. ttP(z) -D(z) 
Sz = 0*>5L *£&*.fc 3 ic, 

[M*B14] *7r-f /t©^Btftttf-tt&tf5-3* 

wis. ss*«^e3iKwo¥^©*»««fi»w-au& 

»: < <h & — 3 £U©ft#fSttt«§§ £^ tr fteii -> X t- A 
fcfcHT, «eSIKIBI©5-6, teiHS§©Hfr^SI5^©eji 

«£<t, »eaKW©-5-6. e«a©tir¥««-©e3iK 

|B|#»/Jn©#-*«S, «¥«#**©«■««*£**£ 

[aw©»aittKM] 

[0 0 0 1] 
[0 0 0 2] 

[ft*©&«] ifi^©>e7r'f/tafiK:*jt>Ttt, £8 

«r»s. ^©«t5&ie»it/fiKi«e3i©e3iei**iii!iisB 

-r*Bt>;*:*&SHtt. *7r-f/t© r^tfcj Tags. 

&fi©Aft«3fe#3fc7r^/WTj|ft«a£E 

t?esi*naa*T**. »»-c*ii£ftfc3te(t#©3fc 

J*#tt#*©»»K «fc B tn^ftftftofcUactflJII 

»=si*-r«. ■?■©«*. fcm'&<DxmM&±i*tmBm 

6*1TH*. IltlBe2IK©j**KeSBtj5»«F^©» 



[0003] -tj. 3tt7T-f/xa«©eaiE(i*i!iR-r 

9MEXfl^rA©3eeSR:«^Ttt. 7£7 7 
-f /TO*W*©-OTJ3 g EttffiXMJAJK (Se 1 f 
Phase Modulalion: S PM) ^^^P-aiaiZc-S. SP 
Mttt3tt«^©9iflE|g{bfcJtfi(!IUT3t7 7"f /t©JBSfJp 

«qg»b. *©is*, ^«7 7^A'*T-s»st 

&SPMO«fl:^imi ®fNonlinear Fiber Optic 
sj , Academic Press, 1992, (ISBN 0-12-045140-9), £ 

it. ®mmm, m*&m, 0CS92-52, m?mm 
mm¥£ (i992)«ic««snT^«. 

[0 0 0 4] 

[^W*ftbJ:5it5Sli] fie*. SPMOM© 

[0 0 0 5] *fgHj ro BS<j«. SPMffliS^IUfc 

<i&<E>o 
[0 0 0 6] 

[n^*»ftt-sfea6©^g] jtaeawtt. ytstmmfr 
zmm z ©j& z iz&ttzyty y -r A*©3t^flg*p (z) . 
j*z^63tse«*Tr©»tt« (3t#«jffl*s§©#«» 

*D(z)<fr^)<*:#. «P(z) • D(z) £ z = 0 
[0 0 0 7] £<K*»©##«tt«B*fli^*»^K: 

«. i#B©^t!!Mf»^©a^©^*z i 

£U /SZ*^Z,IW©»«* (ft#«*&«3§©#i![g 
Sr-g-tT) £D,(z) t-fZt^. W?(z) • D,(z)£ z = 0 
ez^TSl^Lfcffl^-r^T© i CoHT». *<fc& 
iiolc, £3fc*HR*i«»©&BRtf. #fSc*£!3:«-r 

[0 0 0 8] S6C3t»«Mll«8S^3tS««©#llCE 
B$ti**^Ktt. M#iSt}i«S©#tfcSC£i£i£S&© 
#tfc»B©B§ {1/ (aL) - (N+l) / (2N) } 
i§ (fc«batt3t7 7-fA©**«». L««£SIE 

[0009] $fcSftS#ifi©»tS[«M|g©l2fiF B m* 

< t#»*««s©itfl(rT©«»^kB*«»-a-r*«t 

5 ftttBC#fMil«B*BBB-r * d t (c «t 0 $ 6 tcSft* 
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^&yt*mm<Dftttij]&mtimte-i£-i:$>Q. spm© 

#»a**Sfc«£. K#£«tt^l SB ©#«»««© 
BARS* 1 ,it4t. l#Sti + l#l©JMftii« 
©WHS 1 ,* 1 ,©BS^i -y"(i-l)«fc«Jg"r*Ci:lC 
«fc-?T3ii&T£-5o 
[0 0 10] *&3fc&««tt«i:3teg««©i6lW©2* 

[0 0 11] Sfc#<t»fcKMS«J*-rS3tt7 7'f A*©# 

©»^icie»l «»tea?riBtT*jEo»iMf«** c 

/tO»*«3jfr^T**lt £ t Z> «fc 5 & 2 OW^-^fC . 

e««©*»#fc:m-aT*«k5 

[0012] ea»©*^*jfifi*ffl«riTes6* 
fT5*^Tfc. ft-mmm*?} oz.t\z^ xmrfz-rz z. 
tfmmnb*. ^ti{c<toTejis&©^t!tM©{io^ 

£>SBH z ©,& Z tc&ttSTfc? r -f A*tp©3fc3£«£P 
(z), j&Z*>&Rtt§««*T?©*HR* (l£;ft#iS!*t« 
«©»*«*-&tr) *D(i)itSt*. «P(z)-D(z)* 

z = o^e>L*-e«»bfcffl*«iiis. ft&si^c, ft 
#*tt««©ffi«;fttf, »«t»*^«-r-5^<ttr«fcoT 

fiST^S. eSIK©W¥SB»©e2IEM*i«/h 
©#ifc*£, «¥»#«*©«■*•££**#££«« 

&<Dft.my;fcmtfte—&t s<fc -5 fca-ttntflt isRgt 

[0 0 13] 

CfPffl] S PMCJ:oT384tSII»S9 1 l'-7*«. £ 
i£8&©£ft£frfc 9 U 3B£j££t»©«-* 

*»*fl:*9i*iBiir. ei^ss^T-wr 

B©#tt«©l&¥#«£#«»«-r4Z:£fc«fcD. SP 
M©SW*»«**#flBWfc*fr*C:t*«nItlt^: 

-So 



[0 0 14] ttS PMKJ:9T4i;4H»ftf 

-r. *cTf*fco»«*m«tE«-r*«*, sewit 
So uft>Lft«<s. $Htttt««©sc*&»eu:fc#<-r 

[0 0 15] $£:S PMtC«tS&^^fc«, eSljfe^© 
«f33S«*WriE»©^:**KH:«LT^*©'T?, fti£« 
*©it»K#*Mit««SJfAU 3t*»©«*3IM3t« 
»««k0^tt^:Ufc©-&»ceS6*fi 1 initio, S 

[0 0 16] Sfcfi-f *KM**fiKr*3t7r'f /XO» 

©«»*a©»H*ffi*«jE»« 44**31: 
H £ K JS: •& . W K 7 r -f A* © g-IRIWr it 

[0 0 17] eSIBS©*«-ttJft*Sffl«r»Te2l* 
tf5«^T?*>, #«*«K«fcoTeiilB©#*tt©fiD 
*fl"6iBf CtT, SPMl:±S»)B*fkSift«L. £ 
SUaWj&ttS^T?**. *fc#tt«fc*SttH©*iif-«& 

[0 0 18] 

[3tffiffl] 0 1 tt**W©S-©^l6«*wr*«HTf 

**. ytmmm i o o j;D»fflanfc»M£iwK.tt, * 

7r-fAl 0 1 47fe7>7 p *ffl^fe^4 J »§gl 0 2£3c 

HKE«L&ga»*eaan*. £iis§©i£4>f;:«t> 

i"^Xtt**©»**fll«l 0 3*«E«$tlT*t), £ 

aisnfc3te^tt3tsfi*i o 4Tge$n*. tats 2 

^©#tfc»«3§l 0 3£EBL&0i|-C*S. 
»i£ll:^^TS. ##1Rtt«S©#»«flitSC«. 

ffiU #1ft»«»t>^i&fc€aK©«#«»#*£&* 
i^ClftS. £©«fc3ttft3fe©#«ttt«£2SK:*S^ 
TttS PM»w«ta«^fl2©««tt#*$tlT^4U. 

a i o 4 s-e©esiis©»*s (^»*«§§©^^a^ 
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■£tT) £D(z) if fljP(z) • D(z) * z = 0 L 

s PM©u»*ifi«iwtfl-6«ixfcea 

^olffitCfeS. dWgfiWU EAT© £ 5 tc 15^-? 
[0 0 19] 02 H. #:7 7>f/teSi&«t'©y£3fifl£$Mii 
P(z)£*L*:0T;fc3<, SPMl:i^T3t77'fA© 
ii*TfS£T3J!li£ft5f ^-7©*t*$«, ^771'n 

| 0 L [/»(Z)O(Z)JdZ = 0 

[0 0 2 1] H©SC©£2i&3te:7 7'f'/X(t»©¥l§3fc3fifll 

(ftl) tt^ofi^O. t&b^SPMCJ; 

fr5C&l=J:0. SPMO«««ifi«WKfl"6«-rcit 

c= fJ,_ALtiU 

[0 0 2 4] fc£Lattft7r'f/f®tt*ttR. 
giSIEai, Ntt«fi»KIBI*Tr**. ±SCtt. 3t3l««l 
0 0SO!*7>7 r l 0 2©^tb*3S«* < H^H/»tL 
T. ft (1) *»^TS5ti*ifi<K*-C**. W*tf, 
a=0.25dB/knu L = 1000km, N = 10©:S§"&> Jf^SslS&l 

hl/-h5Gbps. ^ejiSE«L= 1000km, N = 10, ft 7 
r-f /\*ro^«5[^D=-3.5ps/am/km<i:^U&. 0>f©3 
*©^7 7U, ftttttfltft. 5 3%il (**SC) - ft 

i ooxmm («e*5ErS) omsslt^s. 
<e^, jetHftHtttf* (spmcm*) owefe 

fTC^S. £©BA*&fci, 1 0 0X»flt*ff ofcW©* 
5 3 % «fc C 7 BS □ 5&fl2!&*/h s<aow 
•5«fc3fcj|,*.-&)&*. in(iioossiio«6i:BSP 

gj£&^©JEtga<^;ioT^Sfc*Ti&£. £©&?- 



»«*D(z)©»»»c«koTesi«©J6»*fl:S§l*jB 
e3l«©*»*{bttP (z) £D(z)©:«£jt«S8 

mzts.z>. z.<n&m$ (ft i) ©j;5fc*aB-raci4:*« 

[0 0 2 0] 

[ftl] 

(»1) 

[0 0 2 2] 0 3 tt#389J©iB 2 0 . 

4MMg 1 0 3 ©ft#-oT3fe§«« 1 0 4 ©^mrtrgBB 

bs (ft2) T^iens. 

[0 0 2 3] 
Cft2] 



(»2) 

i)tt&**j£© 1 0 0 %««©^JTS.0, 
(a) , (b) l*£-n'€tt%U£&K-3dBa&+3dBBlc;fe»?«£ 

s PM<D&wtimmiiMzn*>mt<nx^ 

[0 0 2 5] £fc> WKft«P«KM©»«li^»KWg<St 
«t-S6Tttl»*^Ctt. &S&#ffc««««. (ft 3) 

[0 0 2 6] 

[Ik 3] 
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N 



Y t P r{ D i /a-(D r l i +- + D N l N )} 



c = 



1=1 



5 



(&3) 



©era©? 7 -i n<DKffi.mjBizfi%.m&T'$>z>. 

[0 0 2 8] £fc. B7tt*5fi^©«3©*!SW|-T?«. 

/t*«WttllflE«P (z) . jfic Z*» 5j« z ,IWO»*«SD, (z) 
ttStt, flSP(z) •D,(z)Sz = 0A»5z,*T?«»L. 

[0 0 2 9] *»iITfflW**MK*l«*£bTtt. 
<fc-5&ft*f ©0*J£LT«, tfV-7-4 9 V 

ft LTffl^S^tfenltETSS. 1 . 5 5 um& 
&mm&£TZ>®&, 1. 3 /zm^lC«#SffcB£#o 

fe^o *mw<Dm4<Dmm&\ (08) , ^5<ommm 

(0 9) tt, Mi«77-f/n 0 5 £#££iil88 j e>+ 
[0 0 3 0] Ell 0 tt#f8l?ll©aS 6 ©jfeffi^JTfc 0 . ft 

*t««£E«i<fc*n?a*. *HT«3te+*iStt*i»;* 

s i #ao»*tt«»*-e©nijiK* i ,. i 
mmt2ms<nttMWiMm<nmm$: i 2#s<h3S 

B©#**iflt«©fflH£ 1 ,<tj&RU 1,£ 1,2:1,* 
&*«t5K:»«mflli§l 0 6. 1 0 7, 10 8SEBL 



s&i o o •tsKfe. sfc*^Bj©tfrfB©3i 

WlcJ; 5 s p M©i£«£* +■ >-t;p-r s £ 5 c t>ift 
^tsct^s. 

[0031] «-*»«»©»c*»aft-r*»^ictt, & 

*i*fli«*Eii-r*©**«t>ia=fT?**. -r&to-&. * 
77-r A'estss * (DWLwmtmtim'feto®. t & ^ tzmm 

•c««J©«-«*flt»*SBbT*»*ft:*lHl«U, f-© 

r-f 58 p &{tmn dB t & -a j& t-r s n t 

»CSPMC«fc4Jft»*flS3j«eaiEKSiBIIB'r* 
i#B©«-**tfll»©IWIBl,Sl,©KV"I 

(i-i)«»c«s&T<5 c £-cE«&*3aflsTr**. 

[ 0 0 3 2 ] 0 1 1 tt#»93©S8 7 ©HJSMT* 0 . « 
»©3Stt«&#*»«B£K«*IWH^E«U 
tf> 5 £HR*MM* OWHS**<EtUfc«T**. 77 

fc. SPMBCT)Jt*«<&5T*>5 ttW RI*/Jn$ <E 
■ &*, *Bg©tttSrtii<if§©Eeteg{;t, ft 

[0 0 3 3] £&. Se*«fc0ejIES©7 7-f /t**>ra» 
*vo»*. #»WK:feW-*«'ttiii«S©ffififttt. c© 

cfc 3 77-f A*©ESK 

[0 0 3 4] El 2«*SE^©|g8©|ltS04S-^T«^ 

i o 4 ©AM© 2*Bfi:, -t*nen»**tflt« 1 0 

6.107 WEiShTH*. ^«S:a«§§ 1 0 6 

3SS^k5rfg:!^$ ; &fc©*,te^7 7'f /tfcA* 

ts»*t»9TH6. £©&«>. eai**K:»r*s 



(7) 
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««Tia. 1 o 7 iz^-DT^mmmmi o 

[0 0 3 5] 013 «#fgBJ ©g9 ©HJS0J S^TAH* 

ill, i i2©Miiife5ii 

fieSIEK S «k* i -T 4 c i j&« ^Tffi t & * . 
[0 0 3 6] 014 tt*5E9I©S5 l 0 ©*JS«SJT-* 0 . 
i<J=«S««i 0 4 0*«JCt>it>«W»tt*t««i 

o 6^EBLfc^jT-s4o e 1 5 itftmmmm l 0 6 © 

©T&3. tMSCCB, t'-y hk-h5Gbps. 4>^PB 1 
= 100km> %y r 4 rt<»ftWl.m$. I D I ^3.5ps/nm/km© 

#©j£«3£ 77-f /"WT^T - 3. 5ps/nm/km©#lStM£ 
©eiUPSIf Ta& 0 , ffi©Jg-&«t"^T, Z<DZ%t>fr<D 
T©®&#. 77-f A©4J-*iS*«i:©«t'5Ctf&-p«r»T 
fc>fr K «ftiSfeii!g^t tt^700kmT S 

fc>5 (0 1 5 -e»2000ps/nm#jfi) (c:»t5:«Mfi*iS^ 



[0 0 3 7] Sfc»K#3t7r-f AKIBKOiMRa^-r^ 
Ti'M (ft#*t>U<ttiE#*Hftffl) T. 
*»S:0 i:Lfc«-&©eMW^S§8i^L (015T«7O 
Okm) <hU Sfc. &ft!7 r <A*Kffl©#f!t*^-r-<T 
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